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Zahid Amin, MD, James M. Berry, RDMS, John E. Foker, MD, Albert P. Rocchini, MD, and John L. Bass, MD,
Minneapolis, Minn., and Chicago, Ill.
Isolated muscular ventricular septal defects (VSDs)
account for 10% of VSDs. Among these, inlet and mid-
muscular VSDs are relatively easy to approach surgically,
but apical and anterior muscular VSDs can be difficult to
visualize during the operation.1, 2 Intraoperative closure
of muscular VSDs with a device during cardiopulmonary
bypass (CPB) has been described with good results.3 The
current report describes the use of a new transcatheter
device to close muscular VSDs intraoperatively without
using CPB in three dogs and later in an 8-month-old girl.
Animal studies. The Amplatz VSD device (AGA Med-
ical Corporation, Golden Valley, Minn.) is a modified
version of the Amplatz septal occlusion device.4 It is made
of fine nitinol wires that are woven into two discs with a
connecting waist. The discs are filled with polyester to
enhance thrombogenicity. The device is custom built to
correspond to the size of the VSD and thickness of the
ventricular septum. It has a screw mechanism on one side
for connection to the delivery cable. The device is with-
drawn into a loader before introduction into the delivery
sheath.
All animals received humane care in compliance with
the “Guide for the Care and Use of Laboratory Animals”
(NIH Publication No. 86-23, revised 1985). The study
protocol was approved by institutional animal care com-
mittee of the University of Minnesota.
To determine the feasibility of intraoperatively closing
muscular VSDs, we created an anterior or apical VSD in
three dogs with the help of a punch device. The diameter
of the punch device was 10 mm.
With the animal under general endotracheal anesthesia
and aseptic technique, the chest was entered by median
sternotomy. The pericardium was opened. Two stay
stitches were applied on the right ventricular free wall. A
purse-string suture was placed on the left atrial append-
age. The index finger of the left hand was inserted in the
left atrium and advanced in the left ventricle. A right
ventriculotomy was performed and the punch device
inserted through the incision in the right ventricle. With a
burring action, the septum was traversed until the punch
device touched the index finger in the left ventricle. The
punch was locked and removed, and the right ventriculot-
omy was closed with 5-0 running Prolene suture (Ethicon,
Inc., Somerville, N.J.). The size of the defect was mea-
sured by epicardial echocardiography. In one dog two
VSDs were created. An Amplatz VSD device that corre-
sponded to the size of the VSD was screwed onto the
delivery cable and withdrawn with the delivery sheath
immersed in saline solution to avoid entrapment of air
bubbles. The sheath was pushed through the right ventric-
ular free wall. With the aid of epicardial echocardio-
graphic guidance the sheath was aimed toward the mus-
cular VSD. Once the sheath was across the VSD, the left
disc was deployed in the left ventricle. The sheath was
withdrawn and the right disc deployed in the right
ventricle. The device was disconnected from the cable
by counterclockwise rotation of the cable. Residual
shunt was checked with the help of epicardial echocar-
diography.
Results. A total of four VSDs were created in three
dogs. The smallest measured 7 mm and the largest 11 mm.
Three muscular VSDs were closed during the operation
and the fourth one in the catheterization laboratory. The
first dog died 2 hours after the operation because of
ventricular fibrillation. Dissection of the heart revealed
the device in good position. The second dog was put to
death after 3 months. Examination of the heart revealed
the device in the optimal location with complete endothe-
lialization. The third dog (with two devices) is still alive.
Six months’ follow-up echocardiogram and angiogram
revealed no shunt.
Muscular VSDs in an 8-month-old baby. The opera-
tion was done on the basis of compassionate need. In-
formed consent and approval of the Institutional Review
Board of the University of Minnesota, Minneapolis, were
obtained before placement of the device.
Baby A was born with multiple muscular VSDs (ante-
rior and apical muscular) and coarctation of aorta. She
underwent repair of aortic coarctation and pulmonary
artery banding on the fourth day of life. At the age of 8
months she had debanding with closure of large muscular
VSDs. Postoperatively a significant residual shunt was
identified, but the VSD could not be located during CPB.
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The baby was transferred to the intensive care unit.
Several attempts were made to wean her from the venti-
lator but were unsuccessful. Cardiac catheterization re-
vealed a large (.2:1) shunt.
Attempts were made to close the defect in the cathe-
terization laboratory, but the procedure was unsuccessful
because the defect could not be crossed with the wire. The
baby was brought back to the operating room. A median
sternotomy was performed and the size of the VSD
measured by epicardial echocardiography (15 mm 3 3
mm). With the heart beating, a 7F sheath was introduced
through the right ventricular free wall. The sheath was
guided across the defect with the aid ofepicardial echo-
cardiography. The device was deployed as described ear-
lier. There was no shunt by epicardial echocardiography
after the deployment. Serial transthoracic echocardio-
grams obtained while the patient was in the intensive care
unit revealed complete closure of the VSD. The baby was
extubated 8 days later.
Discussion. Muscular VSDs are difficult to close and
have a high incidence of residual VSD, leading to multiple
operations and increased morbidity and mortality. Left
ventriculotomy has been advocated in the past but may
lead to left ventricular dysfunction.2 This is the first report
that describes intraoperative closure of VSDs without the
use of CPB with the Amplatz VSD device. This technique
may be valuable in small infants in whom catheter manip-
ulation is difficult. The advantages of the modified Am-
platz device include complete retrievability, self-centering,
small delivery system, malleability, and availability in
several sizes. After successful animal studies,5 more clin-
ical trials are warranted.
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Fig. 1. Schematic diagram illustrating the steps involved
in deployment of the device through the right ventricular
free wall. RV, Right ventricle; LV, left ventricle; MPA,
main pulmonary artery; Ao, aorta; SVC, superior vena
cava; TV, tricuspid valve; RA, right atrium; IVC, inferior
vena cava.
Fig. 2. Schematic cross-sectional epicardial echocardio-
gram still frames showing the deployment of the device in
the baby. A, A 7F sheath across the VSD (black arrows). B,
Deployment of the left disc. C, Complete deployment of
the Amplatz VSD device (white arrow).
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